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Abstract 
Goat milk has specific chemical composition and physical properties. The purpose of this study was to investigate the change of  
milk quality and emulsion stability during 60 d frozen  storage. Milk sample was taken from three Ettawah Crossedbred goats 
that were divided into three groups. Samples were frozen and stored for 0, 30 and 60 days. At the end of each storage periode,  
milk sample was thawed in the refrigerator and analyzed for total number  of bacteria, chemical (acidity, pH, free fatty acids), 
physical (alcohol test, clot on boiling test) quality, and emulsion stability. The microbiological and chemical data were analyzed 
statistically using one way  ANOVA, whereas physical quality and emulsion stabilty were expressed qualitatively. There were no 
change in the total bacteria, acidity, pH and free fatty acid (FFA) of milk during storage, whereas the assessment by 70% alcohol 
showed positive since 0 d. Emulsions stability changed after 30 d of storage. While, the clot on boiling (COB) test of milk was 
positive at 60 d of storage. Recommendation is frozen storage of goat milk should not longer than 30 d. 
© 2014 The Authors. Published by Elsevier Ltd. 
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Introduction 
Dairy goats are about one-sixth the size of a cow. This makes them easier to handle, and many people prefer 
them for this reason. Their size also enables them to be transported. Dairy goats can range comfortably on a smaller 
acreage than a cow [1].  
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Goat milk is known to have better qualities such as digestibility and longer shelf life than cow milk [2]. The 
curd of goat milk is softer than the curd of cow milk, and consequently the more easily it is digested. Size also has 
something to do with its digestibility, and the curd of cow’s milk is large and dissolves more slowly. The finer curd 
of goat’s milk dissolves more rapidly. This means that for some people with digestive difficulties, goat’s milk may 
be more easily digested [1]. 
Goat milk sold in retail packages shall contain not less that 2.5% milk fat and not less than 7.5% milk solids-
not-fat [3]. The standard classifies the normal condition of goat milk based on physico-chemical properties as well 
as level of bacterial contamination and antimicrobial residue [4]. Comparison studies conducted on cow and goat 
milk indicated significant species differences with resulting compositional differences that preclude the continued 
reference to a single set of legal quality standards. The compositional differences included: somatic cell content, 
short-chain fatty acid ratio, casein content, fat content, alkaline phosphatase content, vitamin content and freezing 
point. When tested by cow’s milk criteria and methodology, normal goat milk could have been judged to be 
abnormal due to its deviation from the standard levels [3]. 
The amount of goat milk  is a lot less than that of the cows, a good pooling together system can enable the milk 
to be processed in a small plant which can be started for a better storage of the milk. Also hygienic of goat milk 
products could be available all the year round in most communities. Thus, it can improve the household food 
security and nutrition [2]. The goat milk in Indonesia is produced in small farmer and collected at milk collecting 
point and then stored in cold or freezing temperature to wait for processing or marketing to the city. However,  in 
the case for hygiene and quality of goat milk have not been monitored. Furthermore, the lower amount of goat milk 
production in each farm, necessitates certain alternative methods of the milk preservation in order to be marketed 
throughout the year. 
Freezing can be a simple process to implement and can extend the shelf life by years in some cases. Product 
quality is better retained with faster freezing speeds due to the smaller size of ice crystals formed [5]. Temperature 
also determines the physical state of oil droplets in  O/W emulsions, which influences the emulsion properties such 
as viscosity and stability. Some emulsions become unstable when they are frozen and thawed [6].  The purpose of 
this study were to determine the effect of frozen-storage on physical, chemical, and microbiological quality and also 
emulsion stability  of milk from Ettawah Crossedbred goat.  
 
 
Materials & Methods 
Milk sample was taken from three Ettawah Crossedbred goats from Sleman-Yogyakarta. Each  sample was 
divided into three parts for different period of frozen storage (-20οC): 1) 0 d (fresh goat milk), 2) 30 d, and 3) 60 d. 
After storage, milk sample was thawed in refrigerator for 24 h, and then analyzed for total bacteria, titratable acidity, 
pH, free fatty acid (FFA), alcohol, clot on boiling (COB) test and microscopic evaluation of milk emulsion. 
The total count of bacteria was determined by  Standard Plate Count  (SPC) method according to [7] with 
slight modification  using plate count agar (Merck). The viable bacteria are enumerated on Plate Count Agar (PCA) 
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after serial dilution of the milk, and aerobic incubation for 2 or 3 d, at 37○C. The plates were incubated at 37°C for 
24 h. The pH was determined using a digital-pH meter (HANNA –S 487092) and the titratable acidity was 
determined using 0.1N NaOH and phenolphthalein [8]. Free fatty acid was analyzed according to [9], the alcohol 
test (using  70% alcohol) and COB  test  according to [10]. The emulsion stability was evaluated microscopically 
using microscope (Nikon ECLIPSE E600) with magnification 40x. 
Microbiological and chemical data were analyzed statistically by one way ANOVA, whereas the physical 
quality  was expressed qualitatively by positive or negative in alcohol and COB test. Emulsion stability was 
expressed qualitatively by distribution of milk fat globule. 
 
Results and Discussion 
Total number of bacteria in goat milk 
As seen in Table 1, the standard plate count of bacteria in goat milk during frozen storage between   0; 30 and  
60 d  was not significantly different with an average of 0.83x106 ; 1.13x106;  and 1.92x106     CFU/ml,  repectively.    
Standard plate count is one of the most commonly used to measure raw milk quality because it is an overall 
reflection of animal health status, sanitation efficiency, milking practices, and milk storage temperature [11]. The 
mean log SPC in goat milk of the present study was higher than the report of  [4] (i.e. 3.306 - 3.926 log CFU/ml), 
[12] (i.e.  3.65 – 4.21 log CFU/ml),  and also was higher than Thai Agricultural Standard [13] (i.e. > 105to 2 x 105 
CFU/ml).  
 
Table 1. Average of standard plate count (SPC),  titratable acidity, pH and free fatty acid  of goat  milk during  frozen storage  
 Storage (day) 
 0 30 60 
SPC  (CFU/ml) ns                           1.92x106                       1.13x106                    0.83x106 
Titratable acidity  (%) ns                0.23                        0,23 0.19 
pH ns                                             6.45                        6.46                           6.50 
Free fatty acid  (%) ns                   0.72                                   0.79                                        0.62 
  ns : not significant 
The maximum of 100,000 CFU/ml had been known as the regulatory limit of grade “A” goat milk [3]; [12]. 
There are no regulatory of goat milk quality standards in Indonesia. However, according to Indonesian National 
Standards [14], the maximal total number of bacteria of cow milk was 1 x 106 CFU / ml, and according to 
Directorate General of Livestock [15] was 3x 106 CFU/ ml. Therefore, goat milk quality after 60 d stored could be 
categorized in the range of standard of milk. 
 
Milk acidity and pH  
 
The titratable acidity and pH value of goat milk during frozen storage was not significantly different between 
0; 30 and 60 d (Table 1).  The range of goat milk acidity in this study was 0.19 – 0.23% and the range of goat milk 
pH was 6.45- 6.50. Goat milk acidity in this study was higher than the report of [4] (i. e  0.11- 0.17%), but still in the 
range of  [13]  ( i.e. 0.10-0.20%). Similarly,  the pH value of goat milk in this study was lower than report of [4] 
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(6.66-6.81), but still in the range of Thai Agricultural Standard [13] (i.e. 6.5-6.8).The quality of raw goat milk 
depends on the effect of breed, feeding, milking process, and storage as well as sanitation management [4]. 
 
Free fatty acid of goat milk 
Free fatty acid (% palmitic acid) of goat milk during storage in this study  showed no significantly different 
between 0; 30 and 60 d at frozen storage, with the range of 0.62-0.79% (Table 1). This result similar to the previous 
study that FFA of fresh goat milk was 0.74% [16]. Deterioration of frozen foods is often attributed to enzymatic 
reactions caused by enzymes like proteases and lipases, which can be secreted by microorganisms before freezing. 
These enzymes can still be active in frozen foods although the organisms are dormant [17]. During 30-60 d at frozen 
storage, goat milk in this study did not change in level of free fatty acid, may be the lipolytic enzyme was limited. 
According to the report in the previous study showed that the range of goat milk free fatty acid was 0.74-1.05 
mmol/L. The share of five of those acids (C10:0, C14:0, C16:0, C18:0, C:18-1 cis) comprises over 75% of total fatty 
acid in milk.  Within the saturated fatty acid (SFA) pool the C16:0  (palmitic acid) constitutes the largest item and in 
the goat milk analysed, the share of this acid in the total fatty acid pool amounted to 21.58%, 22.19%,21.19% for 
lactation stage 1, 2 and 3, respectively [18].  Free fatty acid (% oleic acid) in kaladhi (traditional coagulated dairy 
product from buffalo milk) from Kashmir during 0 – 28 d of storage at ambient temperature was 0.05 -0.105% [19]. 
When the concentration of free fatty acids exceeds 2.0 mmol/l, the characteristic “goat flavour” is clearly stronger 
and may prove unacceptable to some consumers. The appearance of goat flavour in cold fresh milk is related to an 
increase in the concentration of free fatty acids.  The rate of lipolysis in milk is high, a rancid taste caused by free 
butyric acid can appear [20].   
The total concentration of free fatty acids is a measure of the degree of lipolysis in the milk, and is highly 
correlated to the frequency of rancid and tart flavour [20]. Recent research demonstrated a high correlation between 
short- and medium-chain FFA determined quantitatively in milk and rancidity sensory scores. Free fatty acid 
increases can be promoted during the processing  of milk upon several treatments, such as  i) mechanical treatments; 
that is, pumping, agitation, and homogenization; ii) thermal treatments [i.e.,refrigeration and heating (pasteurization, 
sterilization)]; and iii) enzymatic treatments [i.e., lipolysis [21]. Accumulation of free fatty acids (FFAs) in milk 
mainly originates from  three sources; those directly diffused from  blood to milk, those  not esterified  in milk-
secretory cells of the mammary gland, and those liberated  by enzyme action [23]. 
 
Alcohol and clot on boiling test 
The alcohol (ethanol) test is widely used as a simple and rapid indicator of milk freshness. It is also a practical 
means of determining the propensity of milk for heat coagulation [23]. As seen on Table 2,  milk sample from three 
Ettawah Crossed Bred goats showed that 0 and 30 d of frozen storage results in positive (+) for 70% alcohol and 
negative (-) for COB test. However, at frozen storage 60 d, goat milk sample showed positive for both alcohol and 
COB test. Results in alcohol and COB test of goat milk during 0 and 30 d at frozen storage in this study similar to 
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the previous study by [4] using fresh goat milk sample  from five farms that showed all sample positive in 68% 
alcohol test (abnormal) and normal in COB test.   
 
Table 2. Alcohol and clot on boiling (COB) test of goat milk during frozen storage  
Replication  Storage (day) 
0 30 60 
Alcohol test COB 
test 
Alcohol 
Test 
COB 
Test 
Alcohol 
test 
COB 
test 
1 + - + - + + 
2 + - + - + + 
3 + - + - + + 
  
The low ethanol stability of goat’s milk was due to the different proportions of the individual caseins, in 
particular a lack of αs1-casein homologue in cow’s milk that might change micelle characteristic [24]. Studied 
ethanol stability of fresh goat milk samples showed precipitated upon addition of an equal volume of 44 % ethanol, 
whereas fresh cow milk typically precipitated at 70 % of ethanol. They suggested that the low ethanol stability of 
goat milk may be related to the ratio of sodium to potassium. Their previous study showed the ratio of Na/K in goat 
milk was much lower than cow’s milk (0.20-0.22 versus 0.31). It was found that adding sodium to the goat milk to 
increase the ratio of Na/K enhanced the alcohol stability of casein micelle [25]. This means the standard alcohol test 
(70%) for cow milk is not suitable for goat milk since the low stability is not related to the freshness or 
microbiological quality of the milk  [4].  
The COB test is quick and simple and it allows to check whether the milk has high acidity (pH <5.8). High-
acid milk should be rejected. The test allows to identify colostral milk or mastitic milk. Colostral milk should be 
rejected, because it has a very high percentage of whey proteins, which create problems when the milk is boiled or 
heated during processing [10].  During 60 d at frozen storage, goat milk sample in this study has changed (positive 
in alcohol and COB  test). This means occured instability of casein micelle in goat milk sample and damaged has 
occurred. Protein stability was lower in goat's milk than in the cow's milk [26]. The alcohol test is more sensitive 
than the COB test. The alcohol test detects even medium-acidity milk (pH <6.4). Therefore, milk which passes the 
COB test, may fail the alcohol test. Colostrum and mastitic milk may also fail the alcohol test [10]. 
 
Emulsion stability of goat milk  
The evaluation of milk fat distribution under a microscope showed on Fig. 1. Distribution of fat globule in 
fresh goat milk appeared homogen, the size of globule showed uniform and smaller than the bovine milk fat globule 
(Fig 1a). Smaller fat globules are usually better dispersed and provide a more homogeneous mixture of fat in milk 
[27]. Furthermore, emulsions containing smaller droplets are more stable than those containing large droplets [28]. 
The size of emulsion droplets is vital to the whole emulsion system as it influences the color, texture and stability of 
emulsions. Good stability is usually associated with fine, uniform particle size [29].  
After 30 d in frozen storage, the goat milk fat globule become less homogeneous distribution (began to forms 
cluster) (Fig  1b), and after 60 d at frozen storage have occurred clustering  the fat globule (Fig. 1c).    Bovine milk     
creams more rapidly than goat milk because of  agglutination, which causes clustering of fat globules. This 
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agglutinin is apparently absent in goat milk and creaming is slower. Creaming rate is affected by several factors, 
among which the size of fat globules significantly influenced this phenomenon. Compared to fresh bovine  milk, fat 
globule appeared not uniform in size and larger than the goat milk fat globule (Fig 1d).  Individual globules of fat in 
goat milk ranged from 0.73 to 8.58 μm in diameter, for   bovine milk, in which   fat globules ranged from 0.92 to 
15.75 μm in diameter. Ninety percent of the total particles found in goat milk were less than 5.21 μmin diameter, 
whereas 90% of the total particles in bovine milk were less than 6.42 μm based on the volume frequency distribution 
[27]. 
         A           B                       C 
                              
       a              b                                      c 
       D        E 
            d                                  e                           
Fig. 1. Milk fat globule distribution: a) Fresh goat milk, b) Goat milk after 30 d  in frozen storage,  c) Goat milk after 60 d  in frozen storage, d) 
Fresh cow milk, e) Cow milk after 30 d  in frozen storage  (A. goat milk fat globule, B. goat milk fat globule began to clustering, C. 
clustering of goat milk fat globule,  D. unhomogenous size of cow milk fat globule, E. Coalescence of cow milk fat globule) 
(magnification 40x).   
 
After 30 d at frozen storage, already occurred coalescence of the fat globule in bovine milk (Fig 1 e). Fat 
emulsion in goat's milk was more stable against pasteurization and freezing than that of cow milk [26]. Hence, at the 
same time of storage (30 d), fat globule in goat milk only began to clustering, whereas the fat globule in cow milk 
already occurred coalescence. It is an irreversible process and requires the emulsion droplets to be in close proximity 
for a long period of time, which occurs in creamed or flocculated emulsions. Physical forces, such as freezing, 
drying and centrifuging can also cause the interfacial membrane to stretch and tear, which result in an exposure of 
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emulsifier depleted surface area of droplets. Therefore, it increases the chances of coalescence taking place when 
two droplets come close to each other and become large droplet due to the rupture of the thin film (lamella) between 
them  [30], [31]. 
The chemical and physical stability of emulsions during frozen storage was influenced by the polymorphism 
and degree of crystallinity of the lipids, and the phase behavior of water (the liquid to solid ratios of the water and 
lipid phases), through phenomena such as freeze-concentration, partial coalescence and recrystallization. When 
emulsions freeze, the lipid droplets become progressively concentrated into the freeze concentrate phase thereby 
coming into close contact with one another in the unfrozen aqueous channels between ice crystals. The 
concentration of the lipid droplets in these narrow channels could promote aggregation, flocculation and/or 
coalescence during the freeze-thaw process [32]. In addition, the emulsion instability  caused by freezing is due to 
the physicochemical changes occurring in the emulsion system as follows: the formation of ice crystals in the 
aqueous phase forces  the oil droplets closer together; the ionic strength increases in the aqueous phase due to the ice 
crystallization and the electrostatic repulsions between droplets are screened which promote droplet coalescence; the 
disruption of the interfacial membranes of oil droplets by penetration force during ice crystallization, thus the oil 
droplets are more susceptible to coalescence during thawing; the loss of functional properties of  emulsifiers at 
freezing temperature [6]. 
Conclusion 
In conclusion, goat milk stored for 60 d at frozen temperature had no change in total bacteria, acidity, free fatty 
acid and pH value. However, emulsion stability of goat milk changed after 30 d of storage. While, the change of 
stability of milk to heat occurred after 60 d frozen stored. The 70% alcohol not appropriate to apply the freshness 
assessment of goat milk.  Therefore, goat milk should not be stored in a frozen condition for more than 30 d. 
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